INTRODUCTION
Kaempferia (Zingiberaceae) comprises about 60 species geographically distributed from India to Southeast Asia, where Thailand appears to be the richest biodiversity region with more than 20 extant species (Sirirugsa, 1992; Larsen and Saksuwan Larsen, 2006; Jenjittikul T and Larsen K, unpublished results) . In Thailand, several Kaempferia species (i.e., K. grandifolia, K. galanga, K. marginata, K. elegans, and K. roscoeana) are well known for their ethnomedical uses by local people (Saensouk and Jenjittikul, 2001; Chuakul, 2003) . Kaempferia parviflora (Krachai Dum) is famous as a health-promoting herb and is also used in several treatments such as dysentery, impotence, constriction, colic disorders, gastritis, etc. (Yenjai et al., 2003b (Yenjai et al., , 2004 .
Effective bioactive compounds have been isolated from several Kaempferia species. For instance, flavones (5-hydroxy-7-methoxyflavone and 5,7-dimethoxyflavone) from K. parviflora inhibited viral protease (Sookkongwaree et al., 2006) . In addition, flavonoids (5,7,4'-trimethoxyflavone and 5,7,3',4'-tetramethoxyflavone) from K. parviflora and diterpenes (1,2,11-trihydroxypimara-8(14) , 15-diene and 1,11-dihydroxypimara-8(14) ,15-diene) from K. marginata exhibited anti-malarial activity against Plasmodium falciparum (Yenjai et al., 2004; Thongnest et al., 2005) . Flavonoids (3,5,7,4'-tetramethoxyflavone and 5,7,4'-trimethoxyflavone) from K. parviflora and ethyl p-methoxycinnamate from K. galanga exhibited antimycobial activity against Mycobacterium tuberculosis and Candida albicans (Yenjai et al., 2003a (Yenjai et al., ,b, 2004 . The ethanol extract of K. galanga exhibited anti-tumor promoter activity (Vimala et al., 1999) . Therefore, plants in this genus are valuable sources of various bioactive compounds. In addition, Kaempferia are edible and valuable as ornamental plants and also used in cosmetic and perfume manufacturing (Ibrahim, 1999; Jenjittikul and Larsen, 2000; Saensouk and Jenjittikul, 2001) .
Taxonomic identification of Kaempferia is difficult owing to the morphological similarity of vegetative parts among species and other genera in Zingiberaceae, such as Boesenbergia, Cornukaempferia, Curcuma, and Scaphochlamys. Without the floral parts, taxonomic identification to the species level is difficult. In addition, intraspecific variation causes more complicated problems in the classical taxonomy of this genus. Kaempferia angustifolia, for example, displays variations from narrow to broad leaves. The flowering season of Kaempferia is short, and inflorescences of some species (e.g., K. candida, K. grandifolia and K. rotunda) appear before leafy shoots and last only 1-2 weeks. In Thailand, most Kaempferia species are dormant during November to early May. Moreover, new species of Kaempferia have been increasingly discovered. At least four new Kaempferia species found in Thailand have been recently discovered (Jenjittikul T and Larsen K, unpublished results) . Cytological studies of 12 Kaempferia species in Thailand were reported and varied enormously in the number of chromosomes (2n = 22, 24, 33, 40, 44, and 55) . Different ploidy levels were observed, e.g., in K. rotunda (2n = 22 or 33; Soontornchainaksaeng, 2005) . The use of only vegetative morphological characters in the absence of reproductive parts and chromosome numbers is a major drawback for systematic and phylogenetic analyses and for authenticating morphologically similar Kaempferia species where no complete monograph is available at present (Saensouk and Jenjittikul, 2001) . Loesener (1930) taxonomically allocated 33 Kaempferia species into 5 subgenera. Of which, 9 species were found in Thailand and classified as members of subgenera Soncorus Horan. (i.e., K. galanga, K. roscoeana, K. glauca, K. pulchra, K. laotica, K. elegans, and K. angustifolia) and Protanthium Horan., including only precocious flowering species (i.e., K. candida and K. rotunda). However, more than 20 extant species have been recognized in Thailand to date.
Molecular systematics inferred from polymorphism of chloroplast (e.g., matK, trnK, trnL-trnF, and psbA-trnH) and nuclear (i.e., internal transcribed spacer, ITS) DNA sequences have gained acceptance in resolving taxonomic problems that have arisen from the traditional classification. Polymorphic DNA sequences of chloroplast trnH-psbA intergenic spacer and nuclear ribosomal ITS have shown the potential to be used as DNA barcodes for species identification in biodiversity studies of 99 plant species, representing 80 genera from 53 families (Kress et al., 2005b) . In Zingiberaceae, the polymorphism of chloroplast matK gene and nuclear ITS sequences was used to examine the molecular phylogeny of Alpinia (Kress et al., 2005a) . Nucleotide sequence polymorphism and indels of psbA-trnH and petA-psbJ spacers could be unambiguously applied as a molecular taxonomic key to authenticate 15 Boesenbergia species indigenous to Thailand. These data also supported further differentiation of B. bambusetorum from B. longiflora as a newly recognized Boesenbergia species (Techaprasan et al., 2006) .
The genus Kaempferia is under revision with new species continually discovered (Larsen and Saksuwan Larsen, 2006) . Little information of its phylogenetic history and molecular data inferred from chloroplast and/or nuclear sequences of Kaempferia has been reported. Recently, the phylogeny of Zingiberaceae was reported based on ITS and matK sequences, and Kaempferia is recognized as a monophyletic group (Kress et al., 2002) . Nevertheless, only ITS sequences of 2 Kaempferia accessions and matK sequences of 4 Kaempferia taxa were included in the analyses. In this study, therefore, we applied a molecular approach in assessing the molecular systematics of Kaempferia found to be indigenous to Thailand using maternally inherited choloplast psbA-trnH and petA-psbJ. The phylogeny and sequence polymorphism for systematics and species identification of various Kaempferia are reported for the first time in this genus.
MATERIAL AND METHODS

Plant samples
Seventy-one accessions of Kaempferia, representing 15 recognized, 6 new, and 4 unidentified Kaempferia species were collected throughout Thailand. Fourteen accessions, representing 10 closely related Zingiberaceae species (Boesenbergia rotunda, Gagnepainia godefroyi, G. thoreliana, Globba substrigosa, Scaphochlamys biloba, S. minutiflora, S. rubescens, Smithatris myanmarensis, S. supraneanae, and Stahlianthus sp) were included as outgroups (Table 1) . A map of Thailand illustrating sampling locations for replicate specimens of each Kaempferia species is shown in Figure 1 . Voucher specimens were deposited at Suan Luang Rama IX herbarium, Thailand. The external morphology of some Kaempferia species in this study is shown in Figure 2 . 
Genetic variation of Kaempferia in Thailand
DNA extraction, polymerase chain reaction, and DNA sequencing Genomic DNA was extracted from fresh young leaves or flowers of each plant using a modification of the CTAB method of Doyle and Doyle (1987) . The psbA-trnH and petA-psbJpsbL regions of each taxon were separately amplified in a 50-μL reaction volume containing 1X buffer, MgCl 2 (1.5 and 3.0 mM for psbA-trnH and petA-psbJ-psbL, respectively), dNTPs (0.20 and 0.24 μM), primers (0.20 μM each of psbA-1F: 5′-CTTGGTATGGAAGTAATGCA-3′ and trnH-1R: 5′-ATCCACTTGGCTACATCCG-3′, and 0.24 μM each of petA-F: 5′-AGGTT CAATTGTMCGAAATG-3′ and psbL-R: 5′-GTACTTGCTGTTTTATTTTC-3′), 200-400 ng total DNA and 1 U Taq DNA polymerase (Techaprasan et al., 2006) . Polymerase chain reaction was carried out consisting of an initial denaturation at 94°C for 2 min followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 55° or 58°C for 1 min, and extension 
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at 72°C for 30 s or 1 min for the respective regions. The final extension was carried out for 7 min at 72°C. The amplified psbA-trnH and petA-psbJ-psbL were direct-sequenced for both directions on an automated DNA sequencer using the original amplification primer as the sequencing primer.
Data analysis
Sequences of psbA-trnH and petA-psbJ-psbL spacers were aligned using ClustalW incorporated in BioEdit version 7.0.5.2 (Hall, 1999) and further edited manually. Nucleotide sequence divergence between pairs of taxa was calculated using a Kimura (1980) 2-parameter model without indel consideration. Maximum parsimony analysis was carried out using Phylogenetic Analysis Using Parsimony (PAUP*) version 4.0 Beta 10 (Swofford, 2004) . Gaps were treated as missing data. To reconstruct the most parsimonious trees, a heuristic search was executed using random (1000 replicates) stepwise addition followed by tree bisectionreconnection branch swapping. Bootstrapping (1000 replicates) was performed with random sequence addition. Bootstrapping values (>50%) were superimposed on the strict consensus tree to illustrate confidence level of relationships among samples investigated in this study.
RESULTS
The amplified psbA-trnH and petA-psbJ-psbL spacers in Kaempferia were approximately 800 and 1200 bp in length with the exception of 400 and 900 bp for S. biloba and 800 and 900 bp for S. minuta, respectively. Nucleotide sequences at the 3′ end of petA-psbJ-psbL spacers were missing and not included in the analyses. Sequences of psbA-trnH and partial petA-psbJ of all investigated specimens in this study were deposited in GenBank with accession Nos. GQ385976-386058 and GQ386059-386141, respectively.
Within Kaempferia, nucleotide sequences of psbA-trnH ranged between 714 bp (K. elegans JT2007-8 and K. parviflora JT2007-17) and 798 bp (K. filifolia JT2007-23) and were 1010 bp after multiple sequence alignments. Likewise, those of the partial petA-psbJ ranged between 659 bp (K. pulchra TT10144 and K. roscoeana TT16482) and 754 bp (K. rotunda TT15732) in length and resulted in the multiple alignments of 865 bp. For the combined data, 1875 bp in length were obtained, including 126 variable parsimoniously uninformative sites and 116 parsimoniously informative characters ( Table 2 ), indicating that both chloroplast DNA spacers provided limited phylogenetic information. Pairwise nucleotide divergence of psbA-trnH within Kaempferia and across all examined taxa ranged between 0.00-3.31 and 0.00-3.33% (K. elegans TT16410 and G. thoreliana), while that of the partial petA-psbJ was between 0.00-2.03 and 0.00-4.69% (K. fallax TT16670 and S. rubescens), respectively.
The strict consensus tree generated from the combined data of the spacers possessed 321 informative mutation steps with consistency and retention indices of 0.82 and 0.91, respectively (Figure 3) Although phylogenetically unresolved relationships of some Kaempferia were observed, polymorphic sites and indels of psbA-trnH and petA-psbJ can be used for species authentication of most Kaempferia species, i.e., K. laotica, K. angustifolia, K. siamensis, K. grandifolia, K. roscoeana, K. candida, K. pardi sp nov., K. bambusetorum sp nov., K. albomaculata sp nov., K. minuta sp nov., and Kaempferia sp nov. 1 and outgroups (Figures 4 and 5) . Moreover, a string of sequences in psbA-trnH (AGTTTAGATATTT) and petA-psbJ (CTACAA) could differentiate 
DISCUSSION
Like most genera (e.g., Globba, Curcuma, Alpinia, Boesenbergia, etc.) in Zingiberaceae, taxonomic difficulties were also observed in Kaempferia. In Boesenbergia, nucleotide polymorphisms and indels of psbA-trnH and petA-psbJ were successfully applied for species authentication, even though limited sequence divergence was observed (0.00-3.53 and 0.00-2.53%, respectively; Techaprasan et al., 2006) . Similarly, limited sequence divergence of psbA-trnH and the partial petA-psbJ spacers in Kaempferia and outgroups (0.00-3.33 and 0.00-4.69%, respectively) was also observed in this study.
Phylogenetic reconstruction based on the parsimony approach was carried out, but indels of the multiple aligned psbA-trnH and petA-psbJ sequences were excluded from the analysis as they caused low bootstrapping values in several other branches and more unresolved evolutionary relationships of the reconstructed tree (data not shown).
Previously, Kaempferia was regarded as a monophyletic genus (Kress et al., 2002) . Based on our study on the maternally inherited chloroplast (cpDNA) data, K. candida was clearly allocated as the well-isolated clade outside Kaempferia members. The results suggest that K. candida may be misallocated to be a member of this genus. Nevertheless, we cannot rule out the possible consequence of reticulate evolution (e.g., intergeneric hybridization and introgression) in this species. Therefore, the taxonomic status of K. candida should be further examined by multiple loci of biparentally segregrated nuclear DNA markers to elucidate this speculation.
Phylogenetic analysis clearly revealed 4 different clades of Kaempferia in this study. Clade A consisted of complex species (e.g., K. marginata, K. galanga, and K. laotica). Of these, K. galanga is a cultivated species and believed to have been introduced from India (Holttum, 1950; Larsen and Saksuwan Larsen, 2006) , whereas K. marginata is naturally distributed locally. Taxonomic key to Kaempferia species of Thailand described that leaf margin and labellum of K. marginata is purple, whereas leaf margin of K. galanga is usually white and its labellum is white with purple marking at the base (Sirirugsa, 1992) . However, labellums of K. marginata display color variation from white to purple. Nucleotide sequences of psbA-trnH and petA-psbJ of K. galanga and K. marginata (excluding JT2007-4 and TT15721, which showed intraspecific polymorphism) were identical, suggesting that they are recently matriarchally diverse. More samples of K. marginata and K. galanga from the original resources (i.e., India) should be included in the analysis to elucidate whether K. galanga is a cultivated variant of K. marginata.
Within clade B, K. filifolia JT2007-23 clustered with K. fallax. Flowers of K. fallax and K. filifolia are similar but leaves of K. fallax are elliptic-linear to linear, whereas those of K. filifolia are filiform (Sirirugsa, 1992) . Nucleotide polymorphism and indels of psbA-trnH and petA-psbJ of K. filifolia from Pha Luang (TT16669 and TT16669 replicate No. 2) were obviously different from K. fallax from Sroi Sawan (TT16539), Pha Luang (TT16670 and TT16670 replicate No. 2), and Pha Chana Dai (TT16821), whereas those of K. filifolia from Pha Tam (JT2007-23) were similar to those of K. fallax. However, ITS sequences of these taxa are identical (data not shown). In addition, a phylogenetic tree inferred from amplified fragment length polymorphism (AFLP) analysis confirmed their close relationships (Techaprasan J, unpublished results) . Accordingly, K. fallax and K. filifolia should be regarded as sibling species. K. siamensis, K. minuta sp nov. and K. angustifolia did not form a species complex and phylogenetically recognized as separate species. Loesener (1930) included three Kaempferia species in the subgenus Protanthium Horan. (K. rotunda, K. candida, and K. fissa) in the previous classification of Zingiberaceae. Based on cytological, anatomical and morphological studies, K. grandifolia was recently recognized as a new Kaempferia endemically found in Thailand. It exhibits the closest morphology to K. roscoeana and is classified as a member of the subgenus Soncorus Horan., but its inflorescences appear before leafy shoots, as seen in K. rotunda (Saensouk and Jenjittikul, 2001) . In this study, K. grandifolia was phylogenetically placed between K. rotunda varieties. One polymorphic site (T at position 266) in psbA-trnH could distinguish K. grandifolia from other species. Accordingly, we argue that K. grandifolia should be evolutionarily descended from the K. rotunda lineage.
There has been a controversy over the species status of K. elegans and K. pulchra (Holttum, 1950; Smith, 1987) . Searle (1999) regarded K. pulchra Ridl. as a synonym of K. elegans Wall. However, several authors recognized these plants as different species (Sirirugsa, 1992; Larsen and Saksuwan Larsen, 2006) . The anther crests of K. pulchra are clawedblade oblanceolate (leaf-shape) whereas those of K. elegans are orbicular (circular or nearly so; Sirirugsa, 1992) . Our results revealed phylogenetic separation of K. pulchra from other Kaempferia species. Therefore, K. pulchra and K. elegans should be systematically recognized as different species.
The tree topology of Kaempferia in this study also indicated that K. parviflora and K. elegans were closely related phylogenetically, and 2 samples (K. parviflora TT15691 and K. elegans JT2007-8) may be their interspecific hybrid. More suitable molecular markers (e.g., polymorphic nuclear DNA and AFLP-derived markers) should be tested to identify whether introgression of cpDNA between K. parviflora TT15691 and K. elegans JT2007-8 as a consequence of hybridization readily occurs.
Generally, sequence polymorphism of psbA-trnH and petA-psbJ can be applied to DNA barcoding in Kaempferia. However, only one indel at the 5′ end of petA-psbJ was able to further differentiate K. laotica and K. larsenii (excluding TT16540). This indel seems to be a part of the inverted repeat of the stem-loop or hairpin structures commonly found in angiosperms (Kim and Lee, 2004) , including Zingiberales (Swangpol et al., 2007) . However, external morphology of leaves can be used to unambiguously differentiate K. larsenii and K. laotica. Leaves of K. larsenii are smaller (0.5-1 x 6-9 cm), elliptic-linear and erect, whereas those of K. laotica are obviously larger (7-10.5 x 7-12.5 cm), suborbicular and horizontal close to the ground (Sirirugsa, 1992) .
The 46-63-bp indels of the stem-loop structures at the 5′ end of petA-psbJ sequences were also observed in half of the Kaempferia investigated (e.g., K. laotica, K. larsenii, K. albomaculata sp nov., K. pardi sp nov., Kaempferia sp 1, Kaempferia sp nov. 1, Kaempferia sp nov. 2, some accessions of K. elegans, K. parviflora, K. pulchra, and K. rotunda) and 4 outgroups (B. rotunda, G. godefroyi, G. thoreliana, and S. myanmarensis) species. However, this DNA region may not be appropriate to either include in phylogenetic reconstruction or to use for DNA barcoding, owing to the possibility of being phylogenetically and systematically misleading (Kelchner and Wendel, 1996) . For example, 6 accessions of K. elegans showed 4 different types of this indel, but it was absent in K. elegans JT2007-8.
Intraspecific sequence divergences in different populations of K. elegans (0.00-0.77%), K. parviflora (0.22-0.85%), K. pulchra (0.07-0.59%), and K. rotunda (0.14-0.83%) were greater than in other Kaempferia species indicating that these species were highly diverse. Therefore, psbA-trnH and petA-psbJ spacers could not be used as DNA barcodes in K. elegans, K. parviflora, K. pulchra, K. ro-
